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I. Introduction

The Tennessee Valley Authority (TVA), a corporate agency and instru-
mentality of the United States Government, announced in January 1972
that it would be involved in a joint proposal to work with the Atomic
Energy Commission (now ERDA) and Commonwealth Edison Company of Chicago
to design, develop, construct, and operate the first Liquid Metal Fast
Breeder Reactor (LMFBR) demonstration plant in the United States. The site
selected was TVA property on the Clinch River in east central Tennessee.
TVA as part of its commitments to the project agreed to be responsible for
environmental monitoring of the site during the construction and operation
phases.

In accordance with the National Environmental Policy Act of 1969
(NEPA; 42 U.S.C. Section 4331 et seq) the U.S. Nuclear Regulatory Com-
mission (NRC) prepared a draft Environmental Statement (DES) which was
sent to the Council of Environmental Quality (CEQ), made available to
the public, and circulated for review and comment to other Governmental
agencies in February 1976. The final Environmental Statement (FES) was
sent to CEQ and made available to the public in February 1977. The FES
was based on the information provided in the Environmental Report (ER)
which was issued in April 1975 for the Clinch River Breeder Reactor Plant
(CRBRP).

The ER included a description of a nonradiological water quality
and aquatic biology (nonfish) preconstruction - construction effects
monitoring program, which was implemented in March 1975. This program
was based primarily on a continuation of many of the features of the

baseline aquatic monitoring program conducted during the period March
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1974 through April 1975. The program was reviewed and revised by TVA in
January 1976 to reflect a more comprehensive site-specific preconstruction
effects monitoring program. The revised program was conducted during
the period March 1976 through October 1977. In January 1978, ERDA
requested that all aquatic monitoring at the site be discontinued,
except for the peripheral stormwater runoff monitoring activity, which
was to continue through October 1978.

This report presents the results of the Clinch River Breeder Reactor
Plant preconstruction nonradiological water quality and nonfisheries
biological communities monitoring program for the period March 1975

through October 1978.



IT.

Site Characteristics




I1. Site Characteristics

IT.A. Site Location, Land Use, and Wastewater Discharges

The Clinch River site is located in east central Tennessee in the
eastern part of Roane County (Figure II.A.1) on a peninsula formed by a
meander between Clinch River miles (CRM) 14.5 and 18.6. Opposite the
site (left bank) Caney and Poplar Springs Creeks enter the Clinch River
at CRM 16.9 and CRM 16.2, respectively (Figure III.2, page 14).

Steep limestone ridges, hills, and knobs are characteristic features
of the site region. A flood plain borders the western side and the
southern tip of the peninsula, but is essentially absent from the eastern
border. There are no perennial streams on the site; flow along valleys
and gullies occurs only after periods of rainfall.

Within a 3.2 km (2 mi) radius of the site, the area consists primarily
of woodland with small farms and residences scattered throughout the
area south of the river. There are three major industrial activities
located within 8 km (5 mi) of the site: (1) the ERDA Oak Ridge Gaseous
Diffusion Plant, (2) ERDA Oak Ridge National Laboratory, and (3) Clinch
River Consolidated Industrial Park. The first two of these facilities,
along with the TVA Kingston Steam Plant, which is about 9.7 km (6 mi)
from the site, are the most significant sources of wastewater discharged
to the river in the site vicinity (Table II.A.1 and Figure III.1, page 13).

The Clinch River between miles 4.4 and 20 has been classified by the
Tennessee Division of Water Quality Control as being suitable for all

designated uses (1-7)%*, except for the reach between miles 12 and 20,

*Domestic Raw Water Supply, 2 - Industrial Water Supply, 3 - Fish and
Aquatic Life, 4 - Recreation, 5 - Irrigation, 6 - Livestock Watering and
Wildlife, and 7 - Navigation.
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which was not classificated for navigation. In the vicinity of the site
the river (CRM 0.0 to CRM 23.1) is designated as a water quality limited
segment presently violating water quality standards (i.e., reported viola-
tions of temperature and coliform standards in the Kinéston area - CRM 0.0

to 5.0).

II.B. River Flow and Morphology

At the site, the Clinch River is part of Watts Bar Reservoir which
is formed by Watts Bar Dam at TRM 529.9 about 89 river km (55 mi) down-
stream of the site. Flow and water level of the river at the site is
regulated by the operations of TVA's Melton Hill, Fort Loudoun, and Watts
Bar Dams.

By the operation of the three dams, TVA generally maintains a pool
elevation between 225.5 m (740 ft.) and 225.8 m (741 ft.) MSL during the
spring and summer months and a winter pool elevation of 224.0 m (735 ft.)
to 224.6 m (737 ft.) MSL for the remainder of the year. Water level at
the site has a normal range of approximately 1.8 m (6 ft.) during the year.
At a river elevation of 224.6 m (737 ft.) MSL, the maximum depth of the
Clinch River between CRM 15 and 18 ranges from 4.9 m (16 ft.) to 7.9 m
(26 ft.).

River velocity in the site vicinity is highly variable ranging from
0 to 0.9 mps (0 to 3 fps). Since the closing of Melton Hill Dam (1963
to 1978), the average annual daily discharge from the dam has been 1,533
smd (5,030 sfd). The maximum hourly discharge during the period was
1,556.5 cms (54,960 cfs) and the maximum daily average discharge was

990.2 cms (34,966 cfs).
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An evaluation presented in the CRBRP ER, showed that since the closure
of Melton Hill Dam, there has been an average of 46 days per year during
which no water was released from the dam. Eighty-three percent of the zero
release periods (1963 to 1972) were limited to 48 hours or less. Extended
periods of zero discharge has occurred in the past as a result of a special
operational request to assist in the control of Eurasian water milfoil,
however, such periods are not routine events. Upstream (reversed) flows
in the Clinch River at the site occur during these periods of no release
from the dam. Studies have indicated that upstream velocities on the
order of 0.3 mps (1 fps) can occur at the site.

During the monitoring period (1975-1977) the average annual daily
discharge from Melton Hill Dam was 1,744 smd (5,723 sfd). The maximum
hourly discharge and maximum daily discharge were 1,556.5 cms (54,960 cfs)
and 942.3 cms (33,273 cfs), respectively. Appendix C provides the daily
discharge records for Melton Hill Dam for the years 1975, 1976, and 1977.
Table IT.B.1 lists the occurrences and duration of extended periods of
zero release (greater than 48 hours) from Melton Hill Dam during the
monitoring period.

At the site, the width of the Clinch River ranges from approximately
91 m (300 ft.) to 183 m (600 ft.). There are midriver sand-gravel bars
from approximately CRM 15.6 to CRM 16.1 where the river widens to about
183 m (600 ft.). River bed slope averages about 0.5 m (1.5 ft.) per 1.6
river km (1 mi). In the site area, CRM 15 to CRM 18, the shorelines are
moderately steep. During periods of elevated river stage, tree branches
and other vegetation are partially submerged and overhang the edges of the

river thus forming dense cover along most sections of the river shoreline.
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Table TII.B.1

Extended Periods of Zero Release From Melton Hill Dam
During the Monitoring Period
(1975-1977)

Number of Hours

Year of Zero Release Period of Zero Release

1975 82 1 a.m., 9/26 - 10 a.m., 9/27
69 11 a.m., 10/20 - 7 a.m., 10/23
58 9 p.m., 10/24 -5 a.m., 10/27

83 8 p.m., 11/16 - 6 a.m., 11/20
79 12 mdt., 12/12 - 6 a.m., 12/16
1976 61 6 p.m., 2/13 -6 a.m., 2/16
75 2 p.m., 3/27 - 4 p.m., 3/30
86 11 p.m., 5/17 - 12 m., 5/21
70 7 p.m., 7/2 -4 p.m., 7/5
1977 80 11 p.m., 2/24 - 6 a.m., 2/28
71 9 a.m., 3/7 -7 a.m., 3/10
139 10 p.m., 3/25 =~ 4 p.m., 3/31

ITI.C. Site Hydrogeology

The most important aquifers in the valley and ridge province in
eastern Tennessee are carbonate rocks. The valley and ridge section of
Roane County, where the site is located, is characterized by parallel
ridges and valleys. The ridges are underlain by cherty dolomites of the
Knox Group and the valleys are underlain by limestones or shale, each of
which weathers more rapidly than do the dolomites.

The Knox Group and the lower and middle parts of the Chickamauga
Group comprise an aquifer system of carbonate rocks in the site vicinity.
The Clinch River is a ground water sink; discharge from the aquifer system
goes directly into the river or into streams which flow into the river.

Ground water flow passing under the river is unlikely. Ground water
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recharge is primarily derived from precipitation, although it is possible
that in some restricted areas recharge may occur from the river during
periods of rapid increase of river stage.

Generally, ground water at the site is found in weathered joints and
fractures in the underlying rocks and is under unconfined water table
conditions (ground water subject to atmospheric pressure). The ridges,
which cross the site peninsula, represent locations of ground water highs,
provide boundaries to local aquifer systems, and are regarded as approxi-
mate locations of ground water divides.

The permeability of the underlying rocks at the plant site is mostly
less than 244 m (800 ft.) per year, ranging from zero to 460 m (1510 ft.)
per year. Movement of ground water is from topographic highs to topographic
lows and is largely restricted to the upper more weathered zones of the
underlying rock.

Ground water levels over the site are related to depths of weather-
ing (lower ground water levels occurring in zones of greatest depth of
weathering and consequently higher permeabili£y) and only incidently
related to surface topography. Response of the water table to precipi-
tation is rapid, which is indicative of rapid recharge. The rapid recharge
probably occurs in areas of exposed rock and small sink holes along the

ridges at the site.
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The Preconstruction Aquatic Environmental
Monitoring Program
(Nonradiological and Nonfish)
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ITI. Preconstruction Aquatic Environmental Monitoring Program

The construction effects monitoring was initiated in March 1975.
This program was based primarily on a continuation of many of the fealures
of the comprehensive baseline aquatic monitoring program conducted
during the period March 1974 through April 1975, which is discussed in
detail in the CRBRP ER, section 2.7.2.

This initial program, which was conducted during the period March
1975 through October 1975 included the monitoring of Clinch River water
chemistry, phytoplankton, periphyton, zooplankton, and benthic macroin-
vertebrate communities. Also, special surveys were conducted to monitor
the impact of runoff from the site on Clinch River water quality. The
composite program is summarized in tabular form in Table ITI.1 and the
sampling stations are shown in Figures III.1 and III.2.

The construction effects monitoring program was revised in January
1976 to reflect a more comprehensive site specific construction effects
monitoring program. This program was not designed to be a continuation
of the baseline monitoring program or as a preoperational monitoring
program. This site specific montoring program is summarized in tabular
form in Table III.2 and the sampling stations are shown in Figures III.1,
ITI.3, and III.4.

Data available from other related programs in the project area as
described in Section 6.3 of the ER, is available for water quality
(non-biological) trend assessment relative to the baseline conditions and
preoperational conditions. In this report data from the TVA Regional
Water Quality Management Monitoring Network station at Melton Hill Dam

tailrace (CRM 23.1) was utilized for this trend assessment purpose.

- . [
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Although not identified in the ER, a monitoring station maintained
by the Tennessee Division of Water Quality Control is located at CRM
10.0R. Samples are collected at 0.3 M (1 ft) at 90 percent for the left
bank (facing the downstream direction). This data was reviewed and

discussed in this report.
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FIGURE III.2 CLINCH RIVER SAMPLING STATIONS FOR SITE STORMWATER RUNOFF,
CRBRP - 1975
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IV. River Substrate Characteristics

Introduction

With a knowledge of the substratum of a stream or river, one can
often predict the composition of the invertebrate fauna that will be
present. In general, the larger the stones, and hence the more complex
the substratum, the more diverse is the invertebrate fauna (Hynes, 1970).
Sand is a relative poor substrate, but silty sand is richer, and muddy
substrata may support a large biomass although the diversity is reduced.

It is important to have a knowledge of the substrate to be able to
effectively evaluate the macroinvertebrate fauna. Substrate classifica-
tion permits the categorization of the various substrates. Pennak (1971)
classified lotic habitats according to several factors one of which was
dominant substrate. The categories he used were rubble and boulders,
gravel, sand, organic or inorganic silt, coarse organic debris, and hardpan.
Cummins and Lauf (1968) provide a description of substrate particle size
terminology and categories that is a modification of the Wentworth classi-

fication system. The Wentworth classification included the following

categories:

Particle Phi
Name Size (mm) Scale
Boulder 7256 -8
Cobble 64-256 -6,-7
Pebble 32-64 -5
16-32 -4

8-16 -3

4-8 -2

Granule 2-4 -1
Very Coarse Sand 1-2 0
Coarse Sand 0.5-1 1
Medium Sand 0.25-0.5 2
Fine Sand 0.125-0.25 3
Very Fine Sand 0.0625-0.125 4

Silt 0.0039-0.0625 5,6,7,8

Clay <0.0039 9
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Cummins modified the classification by including the granule and a portion
of the pebble (8-16 and 4-8 mm) in a category called gravel. The Wentworth

classification has been used in this report.

Field and Laboratory Methods

Sediment samples were collected monthly from March 1975 to October
1975, and seasonally during 1976 and 1977. One sediment sample was
obtained at CRM 14.4, CRM 15.4, CRM 17.9, and CRM 19.0, using a Ponar
grab sampler. The sample was stored on ice and returned to the laboratory
where it was forzen until the sediment analysis could be done.

Sediment composition was determined by the methodology outlined in
Quality Assurance Procedure No. WQEB-SS-2, Rev. 0 (TVA, 1978) and the
data were recorded on the Phi (¢) scale. The methodology used in 1975,
1976, and 1977 was the same as in the above procedural document. The
percentage composition of each sample by Phi size was determined by
dividing the total sediment weight into the weight of the sediment for
each individual Phi size. These values were then used in a clustering
strategy known as UPGMA (unweighted pair-group method using mathematical
averages) (Sneath and Sokal, 1973) to determine if the stations through
time were similar. This procedure is termed a Q-mode analyses with the
stations being OTU's (operational.taxonomic units) and the Phi particle
sizes the characters (e.g., Clinch River mile 14.4 in April 1975 would be
one 0TU). The coefficient of similarity used in this cluster analysis was

the product moment correlation coefficient.



~20-

Results

The results of the Phi particle analysis are tabulated in Tables
IV.1, 1IV.2, and 1V.3 for the years 1975, 1976, and 1977, respectively.
These data are evaluated in the clustering dendogram (Figure IV.1).
Different levels of correlation and groupings can be obtained by drawing
lines across the dendogram at selected intervals. These lines were first
termed "phenon lines" by Sneath and Sokal (1962) and the level of the line
can be denoted by simply adding the correlation value as a prefix. The
level of association chosen for differentiating the associations in this
dendogram was the 0.520-phenon line.

The 0.520-phenon line defines six distinct clusters identified as
A, B, C, D, E, and F. With the exception of clusters A, E, and F, each
cluster was subdivided into at least two additional groupings.

Clinch River mile 14.4 and CRM 17.9 in 1975 were distinctly unique
from any of the other stations, including CRM 14.4 and CRM 17.9 in 1976
and 1977. This is indicated by the low similarity of clusters E and ¥
with the others. Cluster F includes the stations (0TU's) in which the
majority of the sediment was cobble (greater than 50 percent). Cluster
E contains those stations that were less than 50 percent cobble in their
composition but were also composed of pebble sized sediments. Cluster A
is unique in that it was the only station that was composed primarily of
fine sand and silt. Cluster B is separated into those stations that
included very coarse, coarse, and medium sand (cluster 1) and those sta-
tions that ranged from 50 to 86.8 percent medium sand in composition

(cluster 2).
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Table IV.2

Percent Composition of the Sediment Samples Collected

in the Vicinity of the Proposed CRBRP, Clinch River - 1976

Particle Size

CRM g mm
14.4 -6 64
-2 4
-1 2
0 1
1 0.5
2 0.25
3 0.125
4 0.0625
5 0.031
15.4 -2 4
-1 2
0 1
1 0.5
2 0.25
3 0.125
4 0.0625
5 0.031
17.9 -2 4
-1 2
0] 1
1 0.5
2 0.25
3 0.125
4 0.0625
5 0.031
19.0 -2 4
-1 2
0 1
1 0.5
2 0.25
3 0.125
4 0.0625
5 0.031

~ = Absence of a substrate type in the sediment sample.

Substrate March 8 May 8 July 13 September 8
Cobble - 37.4 33.4 -
Pebble 14.6 61.7 64.7 99.9
Granule 38.0 0.2 1.1 0.1
Very coarse sand 33.1 0.1 - -
Coarse sand 9.9 0.2 0.3 -
Medium sand 3.7 0.2 0.4 -
Fine sand 0.2 0.1 0.1 -
Very fine sand 0.1 - - -
Coarse silt 0.1 0.2 - 0.05
Pebble -~ 31.5 28.2 0.05
Granule - 24.4 31.1 0.1
Very coarse sand 0.3 2.2 3.5 0.3
Coarse sand 5.2 13.0 14.2 11.0
Medium sand 87.0 26.8 21.9 85.1
Fine sand 7.2 1.8 0.7 3.5
Very fine sand 0.2 0.3 0.3 0.1
Coarse silt 0.1 0.2 0.1 -
Pebble 17.8 42.3 49.9 99.9
Granule 40.1 38.3 40.6 0.04
Very coarse sand 27.2 3.5 5.5 0.05
Coarse sand 10.5 4.7 1.7 -
Medium sand 3.9 10.5 1.9 -
Fine sand 0.5 0.1 0.4 -
Very fine sand 0.05 0.1 0.02 -
Coarse silt 0.05 0.1 0.02 -
Pebble 25.3 57.7 52.6 50.3
Granule 37.8 14.2 40.5 25.2
Very coarse sand 29.1 4.7 3.6 11.7
Coarse sand 5.6 8.0 1.4 3.9
Medium sand 2.2 14.5 1.7 6.1
Fine sand 0.2 0.8 0.2 2.6
Fine sand - 0.05 0.03 0.2
Very fine sand - 0.06 0.02 0.06

- —n e
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Table IV.3

Percent Composition of the Sediment Samples Collected

in the Vicinity of the Proposed CRBRP, Clinch River - 1977

Particle Size

CRM J/] mm Substrate March May
14.4 -2 4 Pebble 73.2 6.4
-1 2 Granule 2.5 6.1

0 1 Very coarse sand 1.5 6.1

1 0.50 Coarse sand 3.5 36.0

2 0.25 Medium sand 17.0 43.1

3 0.125 Fine sand 1.9 2.1

4 0.0625 Very fine sand 0.10 0.25
5 0.031 Silt 0.28 0.15
Collodial number 0.02 0.20

15.4 -2 4 Pebble 12.5 39.1
-1 2 Granule 41,9 11.4

0 1 Very coarse sand 39.9 23.3

1 0.50 Coarse sand 5.3 22.0

2 0.25 Medium sand 0.29 4.1
3 0.125 Fine sand 0.14 0.31

4 0.0625 Very fine sand 0.0 0.06

S 0.031 Silt 0.03 0.05
Collodial number 0.06 0.32

17.9 =2 4 Pebble 11.7 30.0
-1 2 Granule 15.1 36.0

0] 1 Very coarse sand 18.7 26.0

1 0.50 Coarse sand 25.3 7.0

2 0.25 Medium sand 28.4 1.6

3 0.125 Fine sand 0.62 0.23

4 0.0625 Very fine sand 0.04 0.03

5 0.031 Silt 0.07 0.06
Collodial number 0.07 0.92

19.0 -2 4 Pebble 9.0 60.0
-1 2 Granule 9.4 19.4

0 1 Very coarse sand 26.3 10.0

1 0.50 Coarse sand 43.8 5.4

2 0.25 Medium sand 13.5 4.8

3 0.125 Fine sand 1.3 0.58

4 0.0625 Very fine sand 0.08 0.07
5 0.031 Silt 0.27 0.08
Collodial number 3.7 0.33
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Cluster C includes locations that were composed of sediments con-
taining pebble and granule in a proportion greater than 46 percent and a
greater than 21 percent composition of medium sand (cluster 1). Cluster
2 is divided into two groups on the following basis. Cluster a included
stations that were 60-90 percent pebble. Cluster b was a mixture of
stations in which sediment was a 60 percent or greater composition of
pebble and granule.

Cluster D comprised two clusters, one that was composed of at least
40 percent pebble and granule-sized sediments, while the other (cluster
1) included stations with sediments that were of the following composition:

pebble and granule (>50 percent), very coarse sand (>25 percent).

Discussion

The substrates at CRM 14.4 and CRM 17.9 were more similar to each
other in 1975 as indicated by the clustering evaluation. This was prima-
rily due to the substrate being of a cobble nature. River miles 15.4 and
19.0 in 1975 were similar to one another and are contained in the cluster
sequence D-2. They were composed of sediments in the very coarse sand to
pebble categories.

In 1976 and 1977 there is no distinct groupings of river miles such
as were found in 1975. Even CRM 14.4 and CRM 17.0 were distinctly differ-
ent from 1975 in 1976 and 1977. 1In 1976 and 1977 sampling stations were
removed laterally to locations that contained sediments that were more
easily sampled with a Ponar grab sampler. Pebble and cobble sized sedi-
ments prevent the closure of the sampler, thus making it difficult to

obtain samples.
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However, scuba divers reported that the area in the vicinity of the
CRBRB was composed of hardpan with sediments of differing composition
interspersed throughout the area. (Wade, personal communication).® The
abundance of hardpan substrate could possibly account for the low diver-
sity of benthic fauna. In general one would expect a more diverse fauna

in the area based on sediment samples.

Conclusions

The substratum in the area of the CRBRP is predominantly coarse in
nature with the majority of the sediment being classified as rocky.

The sediments collected in 1975 indicated a similarity between CRM
14.4 and CRM 17.9. They also indicated a similarity between CRM 15.4 and
19.0. However, in 1976 and 1977 the similarily between these stations
was not as definable and is attributed to the collection of sediment
samples at different locations.

The presence of considerable amounts of hardpan in the area may

account for the low diversity of benthic fauna.

*Donald Wade, Biologist, TVA.
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V. Clinch River Water Quality

Introduction

As discussed in Chapter II, the water quality of the Clinch River in
the site vicinity is influenced by several factors, primarily releases
from Melton Hill Dam, river morphology, regional geology, ground water
baseflow, land use practices, and waste discharges.

The evaluation of the water quality of the Clinch River in the site
vicinity is based primarily on data obtained by the sampling of three
stations. In addition, samples were collected at the Melton Hill Dam
tailrace as part of an existing TVA regional water quality management
monitoring network. Water quality data collected by the Tennessee Divison
of Water Quality Control at CRM 10.0 as part of their monitoring network

is also reported in this chapter. A review of these data is presented.

Field and Laboratory Methods

All water quality samples were collected, samples handled, and field
analyses performed in conformance with the Water Quality and Ecology Branch
"Standard Methods for Routine Water Quality and Aquatic Biological Field
Surveys," WQEB-SS-1, dated June 1, 1978, (replaced "Handbook of Standard
Procedures for the Collection of Water Samples,"” I-WQ-74-1, dated February
1974). The analytical and sample preservation methods used for each water
quality parameter is described in Appendix D. All data utilized in the
evaluation of the Clinch River in the site vicinity has been entered into

EPA's STORET system. Individual copies of the data are available upon

I . S e amen.
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request to the TVA Water Quality and Ecology Branch to those who do not

have access to STORET.

Results

Temperature

Due to releases from Melton Hill Dam just upstream of the site and
river morphology, the Clinch River in the site vicinity is well mixed
thermally in the vertical direction. The monthly means of the observed
temperature gradients along with corresponding mean temperatures and
extremes are summarized in Table V.1. An evaluation of the temperature
data obtained during the monitoring period shows that a maximum vertical
thermal gradient of 3.4°C was measured at CRM 14.4 on April 12, 1977, when
hourly flows ranged from 320 cms (11,300 cfs) to 326 cms (11,500 cfs).
Vertical thermal gradients greater than 1°C were observed when flow condi-
tions ranged from O cms to 297 cms (10,500 cfs) during the months of March,
April, June, July, and August. Normally thermal gradients were below 1.0°C
with 73 percent of the vertical profile measurements having a thermal
gradient of less than 0.5°C (CRM 14.4--63 percent, CRM 15.4--77 percent,
CRM 17.9--77 percent, CRM 19.0--87 percent).

The occurrence of larger thermal gradients was greatest at CRM 14.4.
This may be due to point source thermal discharges into Poplar Creek (CRM
12.0). During periods of reversed river flow the heated surface layer
from the creek entering the river will flow upstream, thus elevating river
surface temperatures in the vicinity of the confluence of the river and

the creek.
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Table V.1

Observed Temperatures and Mean Vertical Thermal Gradients in the Clinch
River in the Vicinity of the CRBRP, 1975 through 1977

(°C)
Standard Number of Mean
Month Maximum Mean Minimum Deviation Observations Gradient

January 10.0 6.5 3.0 1.64 31 0.0
February* 12.0 8.2 4.5 2.37 10 -

March 15.6 9.9 7.8 1.68 71 0.2
April 15.6 12.3 10.0 1.70 68 0.4
May 17.5 16.0 10.0 1.41 70 0.1
June 20.8 18.2 16.0 1.34 95 0.5
July 21.5 18.1 15.6 1.93 100 0.6
August 24.0 18.8 17.0 1.12 82 0.4
September 23.0 19.9 17.8 0.76 97 0.2
October 20.6 18.2 12.0 1.20 98 0.1
November#* 17.2  13.7 8.3 2.72 14 -

December* 12.0 9.7 7.0 1.54 13 -

*Data collected at Melton Hill Dam tailrace at the water surface only.
All other reported extremes were observed at various depths.

Further evaluation of the temperature data obtained during the moni-
toring period shows that temperatures were well below the Tennessee stan-
dard of 30.5°C. The maximum observed temperature was 24°C, which occurred
at Melton Hill Dam tailrace (CRM 23.1) in August 1977. This measurement
was at the water surface. The maximum observed temperature at 1.5 m was
21°C, which occurred at CRM 14.4 on July 15, 1976, (130 cms [4,600 cfs]).
Figures V.1 through V.3 show the temperature levels, as well as dissolved
oxygen concentrations, in water passing through Melton Hill Dam during
the period 1975 through 1977.

Figure V.4 depicts the monthly temperature levels observed during the
montoring period. This is a seasonal representation showing changes in

temperatures at a depth of 1.5 m. 1In this figure the levels reported for
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FIGURE V.4

EMPERATURE OF THE CLINCH RIVER
MARCH 1975 - OCTOBER 1977
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Melton Hill Dam represent the monthly median value observed in samples
from the water surface.

During the period June 1977 through October 1977 the temperature
monitoring activity was expanded to include profile measurements at the
left and right bank areas (5 percent and 95 percent, respectively, from
the left bank facing the downstream direction). The highest temperatures
(up to 23°C) and greatest vertical thermal gradients (up to 3.0°C) were

observed on the right bank.

Dissolved Oxygen

The State of Tennessee water quality criterion for dissolved oxygen
specifies that the concentration shall not be less than 5.0 mg/l at a
depth of 1.5 m (5 ft) or mid-depth, whichever is less. Exceptions may
be granted in a limited section of a stream due to natural qualities of
the water, cost of meeting standards compared to benefits, and treatment
technology, but in no instance can the DO concentration be less than 3.0
mg/1.

The dissolved oxygen environment of the Clinch River in the site
vicinity was well mixed in the vertical direction. The monthly averages
of the observed dissolved oxygen vertical gradients along with correspond-
ing mean temperatures and extremes are summarized in Table V.2. An
evaluation of the dissolved oxygen data obtained during the monitoring
period shows that a maximum dissolved oxygen vertical gradient of 1.4 mg/l
was measured at CRM 17.9 on July 13, 1977, (375 cms [13,250 cfs]). Vertical
gradients greater than 1.0 mg/l were also observed at CRM 14.4 and CRM 15.4.

Normally dissolved oxygen gradients were well below 1.0 mg/l with 70 percent
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of the vertical profile measurements having a gradient of less than 0.5 mg/l
(CRM 14.4--72 percent, CRM 15.4--68 percent, CRM 17.9--68 percent, CRM 19.0--75

petcent).

Table V.2

Observed Concentrations of Dissolved Oxygen and Mean Vertical Dissolved
Oxygen Gradients in the Clinch River in the Vicinity of the CRBRP
1975 through 1977

(mg/1)
Standard Number of Mean
Month Maximum Mean Minimum Deviation Observations Gradient

January 12.2  11.5 9.7 0.86 32 0.2
February* 11.6 11.0 10.3 0.38 10 -
March 13.9 11.3 9.4 0.61 67 0.2
April 10.9 9.8 8.6 0.59 67 0.3
May 11.3 9.9 7.8 0.60 70 0.3
June 10.0 8.6 4.6 1.09 91 0.4
July 9.2 7.0 5.5 0.76 97 0.8
August 9.6 7.3 4.7 0.62 94 0.1
September 10.0 6.8 3.2 1.38 94 0.1
October 8.5 7.1 5.3 0.49 98 0.4
November* 11.2 8.4 6.2 1.48 13 -
December® 12.8 10.0 8.6 1.88 12 -

*Data collected at Melton Hill Dam tailrace at the water surface only.
All other reported extremes were observed at various depths.

During the monitoring period, concentrations of dissolved oxygen were
good being equal to or greater than 5.0 mg/l at all river stations. The
lowest concentration observed at 1.5 m (5 ft) was 5.0 mg/1 at CRM's 15.4
and 14.4 on September 16, 1975, when there was no discharge from Melton
Hill Dam.

Figure V.1 through Figure V.3 show the concentration of dissolved
oxygen, as well as temperature levels, in the water passing through Melton

Hill Dam during the period 1975 through 1977. On September 20, 1976,
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June 27, 1977, August 22, 1977, and September 26, 1977, concentrations
below 5.0 mg/1l, were measured at Melton Hill Dam tailrace (3.2 mg/1, 4.6
mg/l, 4.7 mg/l, and 3.9 mg/1, respectively). It appears that there is
sufficient reaeration capacity between the dam (CRM 23.1) and CRM 17.9
to increase low dissolved oxygen levels to 5.0 mg/1l.

Figure V.5 depicts the monthly concentrations of dissolved oxygen
observed during the monitoring period. This is a seasonal representation
showing changes in the concentration at a depth of 1.5 m. In this figure,
the concentrations reported for Melton Hill Dam represent the monthly
median value observed in samples from the water surface.

Further evaluation of the dissolved oxygen data obtained during the
monitoring shows that dissolved oxygen saturation ranged from 56 to 111
percent. The minimum saturation level occurred during surveys performed
in September 1975 (CRM's 17.9 and 19.0) and in July 1977 (CRM 14.4). The
maximum saturation level occurred during surveys performed in May 1977
(CRM 15.4). Saturation levels between 105 and 109 percent occurred during
surveys conducted in May 1975 (CRM's 14.4, 15.4, 17.9, and 19.0), March
1976 (CRM 23.1), March 1977 (CRM's 14.4, 15.4, and 17.9), and June 1977
(CRM 15.4). During the surveys conducted in September 1975 and March 1977
there were no releases from Melton Hill Dam.

During the period June 1977 through October 1977 the dissolved
oxygen monitoring activity was also expanded to include profile measure-
ments at the left and right bank areas. Dissolved oxygen concentrations,
saturation levels, and vertical gradients at the river bank stations were

normally equal to or less than those observed at midstream.
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FIGURE V.5 CHANGES IN MONTHLY CONCENTRATION OF DISSOLVED OXYGEN IN THE CLINCH RIVER AT A DEPTH GF 1.5m

CRBRP - MARCH 1975 - OCTOBER 1977
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Other Constituents

Listed in Table V.3 are summaries of the remaining physical, nutrient,
metal, and sanitary-chemical data for the Clinch River in the site vicinity.

Each water quality group is discussed below.

Physical Constituents Other than Temperature and Dissolved Oxygen

As shown in Table V.3 observed pH values ranged from 6.5 to 8.5 S.U.,
which is considered the normal range necessary to support biological com-
munities and is the Tennessee pH criterion for waters used for the propa-
gation and maintenance of fish and aquatic life. The river water has a
high buffering capacity with total alkalinity averaging 87 mg/l. Bicar-
bonate alkalinity is the predominate form of alkalinity.

Turbidity and concentrations of suspended solids were normally low
except after periods of heavy rainfall, with values ranging from 1.1 to
55 NTU and 1.0 to 51 mg/l, respectively. True color levels also followed
this trend ranging from 1 to 20 P.C.U. Turbidity, suspended solids, and
color levels increased in the downstream direction reflecting the quality
of water from small creeks and drainageways entering the river between
CRM's 23.1 and 14.4 (refer to Chapter VI).

Conductivity levels and concentrations of dissolved solids were low

averaging 220 umhos and 125 mg/l, respectively.

Nutrients

As shown in Table V.3, nutrients measured were nitrogen, phosphorus,
potassium, sodium, calcium, magnesium, and silica. Concentrations of
nitrogen in the forms of ammonia, organic, and nitrate plus nitrite varied
widely during the monitoring period. Unionized ammonia concentrations,

which is the most toxic form, were well below 0.02 mg/l. Organic nitrogen
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concentrations were low, averaging 0.10 mg/l. At CRM's 23.1 and 17.9,
concentrations of nitrate plus nitrite nitrogen of 1.3 mg/l and 1.4 mg/l,
respectively, were measured. All other observations were below 1.0 mg/1.
Total and dissolved phosphorus concentrations were normally low, averaging
0.02 mg/l and <0.01 mg/l, respectively.

Concentrations of potassium, sodium, calcium, magnesium, and silica

were not excessive. The water is considered to be moderately hard.

N

As shown in Table V.3, except for mercury the concentrations of
analyzed primary (health) constituents were less than those concentrations
identified by EPA2 for finished drinking water. On July 15, 1976, at CRM
14.4 a2t a depth of 4.9 m (16 ft) a mercury concentration of 2.5 ug/l was
reported. Normally mercury concentrations were below the detectable limit
of 0.2 ug/l.

Except for iron and manganese, the concentrations of analyzed secondary
(aesthetically undesirable) constituents were less than those concentrations
identified by EPA3 for finished drinking water. Concentrations of iron and
manganese ranged from 0.01 mg/l to 6.5 mg/l and <0.01 mg/l to 0.18 mg/1,

respectively, and averaged 0.43 mg/l and 0.047 mg/l, respectively.

Sanitary-Chemical

The sanitary-chemical quality of the Clinch River was generally good.
As shown in Table V.3, BOD, COD, TOC, and SOC concentrations were normally
low. A COD concentration of 25 mg/l was observed at Melton Hill Dam tail-

race in May 1976. COD concentrations were normally below 5 mg/l.



A

Total and fecal coliform densities ranged from <10 to 7,600 per ml and
<10 to 190 per ml, respectively. High total coliform and elevated fecal
coliform densities were observed on September 16, 1975. On this date,

0.25 cm (1 in.) of rainfall was recorded at Melton Hill Dam. The high
nonfecal ratio would indicate that the source of the bacteria is soil

and vegetation.

Data Collected by the State of Tennessee (CRM 10R)

A comprehensive monitoring station at CRM 10 is maintained by the
Tennessee Division of Water Quality Control (data available on EPA STORET
system station number 000680). Samples are collected monthly at a depth
of 0.3 m (1 ft.) at 90 percent from the left bank facing the downstream
direction and analyzed by State personnel.

A review of these data for the period March 1975 through October 1977
revealed that water quality conditions at CRM 10R were similar to the
water quality conditions measured at the upstream TVA monitoring stations.
Temperature levels and dissolved oxygen concentrations ranged from 6.0°C
to 23.2°C and 5.8 mg/l to 13.1 mg/l, respectively. Temperatures and dis-
solved oxygen levels at CRM 10.0R were slightly higher in the winter months
and slightly lower in summer months when compared to the upstream TVA
stations, but due to a minimum number of observations, no distinct trends
or causes can be identified. Dissolved oxygen saturation levels ranged
from 66 to 105 percent.

Higher levels of turbidity, suspended solids, and color were recorded,
which relates to 'the increased drainage area during periods of rainfall.
Measured concentrations of sanitary-chemical constituents and metals were

similar to the upstream stations, except for lead and coliform bacteria.
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A lead concentration of 50 ug/l was observed on October 4, 1976. High
total, fecal, and fecal streptococci coliform density ranges of 500 to
12,800; 165 to 7,955; and 182 to 250 per 100 ml, respectively, were measured
at CRM 10R. The fecal to fecal streptococci ratios ranged from 0.15 to 295,

thus providing no clear indication of the source of pollution.
Conclusions

Observed temperatures in the Clinch River were well below the
Tennessee standard of 30.5°C. The river was well mixed in the vertical
direction with thermal gradients normally below 1°C. It appears that
during periods of reverse flow warmer water from Poplar Creek flows
upstream elevating river water temperatures. This was observed at CRM
14.4 with the warmest water measured at the right bank area.

Dissolved oxygen concentrations of the Clinch River were good,
being greater‘than or equal to 5.0 mg/1. The water was well mixed in the
vertical direction, with dissolved oxygen gradients normally less than
0.5 mg/l. Isolated low concentrations of dissolved oxygen, ranging from
3.2 to 4.7 mg/l, were measured at Melton Hill Dam tailrace. But there
appears to be sufficient reaeration capacity in the river to increase
levels to 5.0 mg/l within a short distance. Dissolved oxygen percent
saturation levels did not indicate any areas of unusual oxygen produclion
which would be attributed to widespread photosynthetic activity or areas
of serious reduction in dissolved oxygen concentrations.

Measured turbidity, suspended solids, and color levels increased in
the downstream direction reflecting the quality ot water from crecks and

drainageways entering the river between CRM's 23.1 and 14.4.
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Measured concentralions of nutrients, most metals, and sanitary-
chemical conslituenls were normally low. Elevated concentralions of mer-
cury and COD were observed on isolated occasions. Concentrations of iron
and manganese were above levels identified for finished drinking water.
The water is considered to be moderately hard.

During rainfall events the river was contaminated with high total
coliform densities. The high nonfecal ratio would indicate that the

source of the bacteria is soil and vegetation.
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V. Site Stormwaler Runoff Water Qualily

Introduction

The site is drained by several small ephemeral drainageways which
carry water only after periods of rainfall or snow melt. In order to
determine background conditions prior to construction activities at the
site, routine monthly surveys and/or special stormwater runoff surveys
were conducted. During the period March through October 1975, monitoring
stations were established in the Clinch River to measure the effect of
site runoff on Clinch River water quality. In March 1976, the stations
were relocated onsite to better address site stormwater runoff water
quality by monitoring the water quality of four drainageways prior to
mixing with the river.

Sediment generated from land erosion at the site is considered the
most important runoff pollutant that affects water quality in the site
area. This conclusion is based on agriculture and natural woodlands
being the major land use within the area of interest. Therefore, the
parameters selected for monitoring were turbidity and suspended solids.
These parameters are directly related to erosion and soil loss associated
with precipitation runoff. Soil particles can also transport nutrients,
pesticides, organic matter, bacteria, and other pollutants. These para-
meters were not measured due to the lack of background sediment load data
and the expense involved. These parameters are not believed to be signi-

ficant at the site because of the past and present land usage.
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Field and Laboratory Methods

Designated Clinch River stations for the measurement of stormwater
runoff effects on the river were sampled on five occasions in 1975 during
periods of rainfall. These surveys were conducted by personnel of the
Water Quality and Ecology Branch. During the period June 1976 through
October 1977, the site drainageway stations were visited by branch per-
sonnel periodically. No special surveys were conducted during periods of
rainfall.

In November 1977, a rainfall notification system utilizing personnel
at the TVA Kingston Steam Plant was established. Assigned personnel at
the plant notified the Water Quality and Ecology Branch whenever a period
of heavy rainfall (0.8 cm [0.3 in.] or more per hour, or 2.5 cm [1.0 in.|
or more during 24 hours) was recorded at the plant. At the authorization
of the Water Quality and Ecology Branch, one of these assigned personnel
collected runoff samples during these events. The temperature and pH of
the water were field determined. Through August 1978, runoff samples were
also collected during routine monthly surveys. During most of the routine
monthly surveys there was no flow in the drainageways.

All water quality samples were collected, samples handed, and field
analyses performed in conformance with the Water Quality and Ecology
Branch "Standard Methods for Routine Water Quality and Agquatic Biological
Field Surveys,'" WQEB-SS-1, dated June 1, 1978. The analytical and sample
preservation methods used for each water quality parameter is descrihed
in Appendix D. A listing of the data resulting from this monitoring

activity is provided in Appendix A.
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Results

An evaluation\of the physical water quality of stormwater runoff
leaving the site, as determined by the sampling of site drainageways,¥
showed that no clear correlation between daily total rainfall and physical
water quality could be determined. The intensity of the rainfall rather
than the total amount of rainfall had a more significant impact on physi-
cal water quality in the drainageways. A review of rainfall intensity data
from the U.S. NOAA Climatological Data Station at Oak Ridge, Tennessee,
revealed that intense rainfalls were recorded on April 18, 1978, and June 8,
1978. On these dates during and just prior to the time of sampling, rain-
fall intensity ranged from 0.15 to 1.1 cm/hr. (0.06 to 0.43 in./hr.) and
0.25 to 1.2 cm/hr. (0.10 to 0.47 in./hr.), respectively. The highest levels
of suspended solids and turbidity measured during the monitoring period
were observed on these dates (600 mg/l and 700 NTU [April 18], and 150
mg/1l and 250 NTU [June 8], respectively).

Figure VI.1 and Figure VI.2 provide a graphical presentation of
suspended solids and turbidity data, respectively, at three of the drain-
ageway stations. Due to a lack of flow, the drainageway that enters the
Clinch River at CRM 15.5 was oni; sampled three times and the data was not
shown on the figures. The vertical lines in the figures illustrate the
range between the maximum and/ﬁinimum values on record. The rectangles
illustrate the range in which 75 percent of the data were observed, the
ends of which indicate the values below which 12.5 percent and 87.5 per-

cent of the data were observed. The horizontal line within the rectangle

*The drainageways join the Clinch River at the right bank (of the site),
facing the downstream direction.
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is the median value or that value below which and above which 50 percent
of the data were observed. The points on the figures are the actual
values observed.

Median suspended solids and turbidity values were much lower for the
drainageway at CRM 16.5 due to the greater number of samplings during
periods of little or no rainfall. This was the only drainageway flowing
during many of the surveys.

A statistical evaluation of the stormwater runoff data showed the mean
value for suspended solids to be 60 mg/l with one standard deviation result-
ing in values of -48 mg/l and 168 mg/l, respectively. The mean value for
turbidity was calculated to be 85 NTU with one standard deviation resulting
in values of -46 NTU and 216 NTU. The negative values obtained when the
mean values were reduced by one standard deviation shows that the observed
suspended solids and turbidity values varied considerably and did not plot
as a normal distribution. Thus a logorithmic transformation of the data
was necessary. Using the transformed suspended solids data, a mean value
of 28 mg/l was calculated with one standard deviation resulting in values
of 8.3 mg/l and 96 mg/l, and two standard deviations resulting in values
of 2.4 mg/l and 324 mg/l. The transformed turbidity data showed a mean
value of 37 NTU, with one standard deviation resulting in values of 8.7
NTU and 158 NTU, and two standard deviations resulting in values of 2.0
NTU and 676 NTU.

In 1975 five special rainfall surveys were performed consisting of
sampling of the Clinch River at various locations in the site vicinity.
Neither total rainfall nor rainfall intensity during the survey days can

clearly be correlated to Clinch River physical water quality due to time
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delays between the rainfall events and surveys. As an example, on March 30,
1975, 8.33 cm (3.28 in.) of rainfall was recorded at Melton Hill Dam. A
survey was performed on March 31, 1978. The resulting suspended solids

and turbidity data were the highest measured during the instream stormwater
monitoring program (1975). No significant variation with horizontal loca-
tion was measured. A determination of whether the site was the source of
the suspended solids and turbidity on this date can not be made. Therefore,
the data resulting from this activity is useful only for background deter-
minations in the Clinch River after rainfall events and can not be directly
related to site stormwater runoff quality. The data resulting from this

program is provided in Appendix A.

Conclusions

Rainfall intensity rather than the total amount of rainfall had a more
significant impact on physical water quality in the drainageways. Surveys
performed in conjunction with periods of intense rainfall resulted in the
highest levels of suspended solids and turbidity measured in the drainage-
ways. An evaluation of suspended solids and turbidity data showed that the
observed values varied considerably and did not plot as a normal distribu-

tion. Logarithmic transformations of the data provided the following

results:

Suspended Solids (mg/l) Turbidity (NTU)
Mean 28 . 37
One standard deviation 8.3, 96 8.7, 158

Two standard deviations 2.4, 324 2.0, 676
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In 1975 five special rainfall surveys of the Clinch River were per-
formed. Neither the total amount of rainfall or rainfall intensity could
be clearly correlated to Clinch River physical water quality due to time
delays between the rainfall events and surveys. In addition, a determina-
tion of whether the site was the source of the suspended solids and tur-
bidity could not be made. Therefore, the data resulting from this activity
is useful only for background determinations in the Clinch River after
rainfall events. [t is clearly shown by this evaluation that (1) rainfall
intensity is significant to stormwater runoff quality, (2) the timing of
stormwater runoff surveys is critical, and (3) stations located directly
onsite upstream of any influence by the receiving waterbody, complemented
with stations in the receiving waterbody, will provide the data necessary
for an accurate assessment of the impact of site stormwater runoff on

physical water quality in the receiving waterbody.
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VII. Ground Water Quality

Introduction

As discussed in Chapter II the quality of ground water under the site
is influenced by several geologic-hydrologic characteristics and controls
of the region and most particularly the site. The evaluation of the
quality of ground water under the site is based on data obtained from
seven onsite observation wells. One of these wells was equipped with a
submersible pump. The primary comnsideration in the sampling of wells is
to obtain a representative sample of the formation by ensuring that the
sample is not excessively aerated, agitated, or mixed with stagnant water
standing in the well casing (i.e., in the casing there usually is limited
vertical mixing and stratification can occur). This water can also con-
tain foreign substances due to casing corrosion or introduction through
the top of the casing. The six observation wells not equipped with a
submersible pump were sampled by use of a siphon-type sampler with the
standing water in the casing not being removed prior to sampling. There-

fore, this evaluation is in two parts, pumped and siphoned samples.

Field and Laboratory Methods

For six of the wells a siphon-type sampler, which was a PVC pipe
closed on both ends with inlet and outlet holes, was lowered into the well
until it was about 3 m (10 ft.) below the static water level in the casing.
The sample was brought to the surface 